Abstract: This study deals with the landscape evolution reflected in the changes of land cover in the suburban area of Marathon, Attica, Greece. The study was based on remote sensing images covering the time period between 1945 and 2007. Several other types of data were also used, such as a digital terrain model, historical orthophotos, vegetation maps, geological maps, cadastral maps and aerial photos. These types of data were used in order to create the spatial database for the classification/interpretation of land cover and to identify the land cover changes that occurred during the period in question. The results of this study showed significant land cover changes, especially for the land covered by forests and wetlands with a 47% and a 37% decrease, respectively. The spatial arrangement of the development of residential areas was partially predictable, while the occurrence of land cover changes due to retrogressive vegetation succession appeared rather idiosyncratically throughout the area initially covered by forest.
Introduction
The understanding of land cover changes is particularly important, because it is the link needed to explore the broader changes taking place in the global environment and also to promote environmental sustainability. Land cover is the recipient of constant configuration changes and transformations taking place in land use, as for example when a forest is converted into pasture, cultivated land or even into an urban area. Thus, ever-changing land use is the main proximate cause of land cover change. However, the main driving forces behind this change can be found within a range of environmental, economic, technological, institutional, cultural and demographic factors [1] [2] [3] [4] [5] .
Land use changes are the oldest of all anthropogenic impacts on the environment, and they are characterized as a facet of "global change" for good reason. For example, the changing of land cover and, especially, the conversion of forest land into other uses has been recognized as a contributor to climate change, accounting for 33% of the increase of CO2 in the atmosphere since 1850, as well as a major driver of biodiversity loss. Furthermore, land use changes have led to the usurping of 40% of the net primary productivity of the land [6] .
Equally important are the influences of those regional and global changes within society. Changes in land use/cover can affect the potential of these biological systems to provide various benefits for human needs; in other words, they may modify the provision of ecosystem services. By studying and exploring the historical land use/cover changes, we can understand the changes that happened in the past, and thus, it becomes easier to understand the future evolution that will occur [1] . Understanding the factors that contribute to land use changes and developing models to simulate these changes are necessary, particularly in understanding the dynamics of global and local environmental changes [7] .
Land cover mapping is a prerequisite in developing plans for a sustainable management of the Earth's surface. Remote sensing (RS) and GIS technologies provide the possibility of accurate mapping of land cover, as well as of the changes that occur. These function as a powerful combination due to the flexibility provided by an integrated spectral and spatial data management. These data can be combined in order to identify and quantify the land cover changes [8] [9] [10] [11] [12] . Thus, with the use of the above-mentioned technologies, the different sources of data can be used in a single frame of reference for comparisons [13] .
In order to measure the land cover changes that occur in any given area at various temporal intervals, it is necessary to identify the different land cover types with snapshots taken at different times. Much research has been undertaken on land cover changes over time in various settings, e.g., in forest areas [14] , watersheds [15] , mountain landscapes [16] , as well as in protected habitat areas [17] , wetlands [18] or islands [19] .
Nevertheless, both the patterns and the processes involved are not fully understood yet [20] . The present study is an attempt to assess the connection between the land cover changes and the human intervention factor with a focus on its effects on the spatial manifestations of change. We hypothesized that the change trajectories in the area will differ according to the initial land cover [21] . We further hypothesized that the spatial occurrence of change within the land cover classes expected to change will be predictable in the case of changes driven by a few proximate drivers, as is the case with urban sprawl. It has been found that urban sprawl can be predicted at broad geographic scales by means of a few explanatory variables [22] ; however, the usefulness of this approach at fine scales is not known. On the other hand, land cover changes should be idiosyncratic, and thus, their positioning will be hardly predictable in cases that many proximate drivers are confounded, as is often the case with Mediterranean vegetation degradation. A number of different trajectories and outcomes are possible depending on the initial conditions, the nature and the intensity of disturbances [23] . The overall changes in the area are presented to frame the problem, and then, the first hypothesis was explored in the case of urban development and the second in the case of forest retrogressive succession.
Study Area
The municipality of Marathon is located in the northeast of the prefecture of Attica, Greece. It lies 42 km away from the center of Athens (Figure 1 ). The Community of Grammatiko, the Municipality of Kapandriti, the Community of Stamata and the Municipality of Nea Makri are the surrounding administrative units. The eastern border of the study area is the southern Evoikos Gulf, which runs along a 10-km coastline. The total area of the municipality is 95.56 km 2 , while the total population of the municipality in the census of 2001 amounted to 8882 residents (Hellenic Statistical Authority), while it increased to 12,849 in the census of 2011. Part of the increase can be attributed to second homes that turned into main residence. The Municipality of Marathon is comprised of eight districts: Marathon, Aghios Panteleimon, Ano Souli, Avra, Vothon, Vranas, Kato Souli and Schinias. The settlement of Marathon has had the largest population up to the 1961 census. The second most populous settlement has been that of Kato Souli. From 1971 onwards, though, Aghios Panteleimon has shown a sharp increase in the number of inhabitants, which makes it the most populous region after the settlement of Marathon. It is also observed that a few settlements were abandoned, such as Mpeis Lofos (1991), and in turn, entirely new settlements emerged, namely Vranas, Avra and Schinias.
The significant increase in the population of the Athens, especially during the postwar period, led to stifling conditions (in terms of high population density) within the Athens metropolitan area. As a result, a large part of the population felt the need to establish a second residence within the neighboring coastal and (less so) forested areas. From a certain point onwards, a number of factors led to the construction also of permanent residences in the eastern part of Attica: the improvement of road networks, especially during the last decade, the construction of a new highway (Attiki Odos), as well as the construction of the Eleftherios Venizelos Airport (in the late 1990s) within the Municipality of Spata.
The climate in the Marathon area is Mediterranean, with relatively hot summers and mild winters. The long-term average annual rainfall is 567 mm and the long-term monthly average temperature ranges from 10 °C to 27 °C (Hellenic National Meteorological Service). According to the bioclimatic classification by Emberger, the Municipality of Marathon is part of the semi-arid bioclimatic etage, characterized by mild winters with rare frost and snow and minimum average temperatures of the coldest month ranging from 3 °C-7 °C. This area within Marathon, according to Greece's Vegetation Map, belongs to the semi-Mediterranean vegetation zone (Quercetalia ilicis). In particular, it belongs to the sub-zone of the Oleo-Ceratonion of the thermo-Mediterranean formations (vegetation thermomediterraneenne) in the Eastern Mediterranean [24] . The native vegetation in the area of Marathon is dominated by clusters of Aleppo (Pinus halepensis) and stone pine (Pinus pinea; this species is limited to a mixed forest along the coast within the national park, see below), the species of sclerophyllous Mediterranean vegetation (maquis shrublands) and seasonal dimorphic dwarf shrubs (phrygana). Table 1 shows the distribution of elevation classes within the study area, the extent and distribution of the topographic slope and the distribution of consolidated geological formations within the study area. The largest percentage (73.5%) belongs to the 0-200 m class, followed by 23.83% in the class ranging from 200 to 400 meters. The lowest elevation is observed at sea level and the maximum at 562.46 meters. To investigate the effects of topography, the slope was categorized into four classes: very gentle to flat (0%-6%), gentle (6%-18%), steep (18%-35%) and very steep (>35%) [25] , which cover 47.5%, 28.3%, 16% and 8.2% of the study area, respectively ( Table 1 ). The larger part of the study area (75.8%) is dominated by flat to gentle slopes. In terms of geological formations, the study area is covered by alluvial deposits, followed by the formations of marbles-limestones and, lastly, by the formation of old side scree material and schists with a distribution spread throughout the area. A further important characteristic of the area is the presence of wetlands, dominated by species like Phragmites australis and Juncus sp., as well as of springs and wells and easy access to groundwater.
In the Municipality area of Marathon Municipality, there are two protected areas. The first area consists of the land and sea surrounding the National Park of Schinias-Marathon, which is classified as a national park. The other protected area is the mountain of Agriliki. It is declared as a CORINE (Coordination of Information on the Environment, which is a program of the Commission European) biotope, and its total area amounts to 1934 hectares (19.34 km 2 ). 
Methodology
The scale of most of the data used in this study was 1:5000. Contrary to common methodologies, which use data at a regional scale (e.g., CORINE 2000) [26] [27] [28] [29] [30] , this paper utilizes a methodology of high spatial accuracy using historical (e.g., orthophotos of 1945) and recent data (e.g., orthophotos of 2007) to firstly classify/interpret the land cover and then to identify these land cover changes within the study area (Marathon, Greece). The methodology relies on a GIS-based modelling using the ArcGIS 9.3 commercial GIS package (ESRI, Redlands, CA, USA). Orthophotos of 1945 and 2007, as well as the vegetation maps of 1991 were used in order to identify and classify the different entities of the land's surface into common categories. The land cover maps created from these sources were used to identify the temporal land cover changes in the study area. In addition, geological maps were used to investigate changes in relation to the substrate, as well as the digital terrain model for the production of the Earth's terrain factors. The data used in this work are presented in Table 2 .
The panchromatic orthophotos of the year 1945 and the colored orthophoto of 2007 were in raster format. Each orthophoto covers an area of 3000 meters × 4000 meters. All datasets were geo-referenced using the Hellenic Geodetic Reference System (HGRS 87), and the next step was to digitize these data.
The boundary lines of the forests and shrublands from the detailed (1:5000) forest map functioned as the main spatial information for this study. The land cover classes (of the forest map) and the identification/digitization of those classes' (the "forests", "shrublands" and "grasslands"; the legal category of "grasslands" is in reality dominated by phrygana vegetation (see below)) boundary lines were categorized in accordance with the provisions of the National Forest Law. Additionally, the testing and referencing procedures data were collected from Google Earth, due to the fact that it provides high-resolution imagery from data sources with spatial resolutions often as fine as <1 to 4 m [31] . The above testing procedure is important for change detection studies, because errors can be compounded by comparing (inaccurate) multitemporal data. The next figure (Figure 2 ) presents the flow chart of our methodology. By processing the digital terrain model (DTM), the physiographic and topographic characteristics of the study area (elevation, slope, aspects, etc.) were generated [32, 33] .
The individual land cover classes are identified by means of photo-interpretation of orthophotos (shape, texture, tone, etc.). The classes that occurred in the study area, are defined below:
 Forests: Within this category, the degree of canopy cover of forest species is above 25% of the total land cover and meets the forest law requirements.  Shrublands (areas with sclerophyllous vegetation): include areas covered by shrub canopy cover ranging from 15% to 25%.  Phrygana: In this class, the extent of the tree or sclerophyllous shrubs canopy cover is below 15%.  Cultivated fields: areas actively cultivated. In this class, the building cover is less than 30% [34] .  Wetlands (Marsh): According to the CORINE classification system [31] , this category includes non-forested lowlands that are either flooded or liable to be inundated by still or flowing water. The vegetation consists of low, woody, semi-woody or even herbaceous vegetation.  Urban areas: The CORINE nomenclature [34] was used; the areas where building density exceeded 70% of the land cover were classified as 'settlements' or 'urban areas' according to the CORINE nomenclature.  Mixed areas: the areas where the building density ranges from 30% to 70%. They are clearly distinguishable from the class of urban areas.
 Others: This category includes entities which were not covered by other land cover classes. In the present study, this category includes the military areas and sports facilities.  Abandoned fields: an additional class is included in the maps of the years 1991 and 2007: the class of abandoned fields. This category includes the areas that were cultivated in 1945 and where the land cover changed afterwards into a forest, a shrubland or phrygana. Areas covered with buildings are included within this class, but at a percentage of less than 30% [34] . Initially, in order to investigate the evolution of land cover in the study area, the different land cover types were digitized. The output of this procedure is the creation of digital maps in vector format, for the years 1945, 1991 and 2007. The minimum mapping unit in these maps was defined as a size of 700 square meters (circle with a diameter equal to 3 pixels, radius 1.5 pixels). The original land cover data were transformed into the raster format, with a pixel size of 10 meters, in order to support the cartographic overlay analysis. For this kind of analysis and for the selection of a minimum mapping unit, we had to keep in mind the consistency of the method and the availability of the data. In our case, we had to integrate detailed vector datasets with the digital terrain model from 1:50,000 maps. Thus, in order to implement a multi-criteria cartographic overlay analysis, we chose to convert the datasets to raster format with a 10-m cell size. The chosen pixel size (10 m) of the cartographic layers in conjunction with the detailed spatial resolution (<1 to 4 m) of the remotely-sensed imagery which was used in the validation procedure has provided the required accuracy for the proposed methodology. The validation of the classification was implemented for the year 2007 by using 106 sample points (random stratified sampling) and field work in combination with photointerpretation of detailed remotely-sensed images in order to estimate the "real value" of the land cover for each sampling point ( Table 3 ). The calculated Kappa coefficient (0.8) showed that the classification was "satisfactory" [35, 36] . The converted raster data, in combination with the slope, aspect and elevation data, were used to build the map overlay model, so that the land cover changes and the spatial patterns of these changes in the study area could be identified. Then, the connection of all raster data was conducted using the "combine" function within the GIS environment. Finally, to investigate the relationship/interdependence between land cover changes and the environmental factors that cause them, the "Zonal statistics method" was used for finding the characteristic patterns (spatial patterns) that affect these changes. The data used to map burned areas were extracted from the "decisions" of the Forest Service, in the event of a fire or clearing. A total of 59 decisions were issued for the fires that occurred between 1982 and 1998. Two additional analyses were carried out to detect the spatial patterns of change. The interior of the original forest patches was divided into zones of up to 50 m from the forest edge, 50-100 m, 100-250 m and >250 m, and the proportion of change as a result of retrogressive succession that occurred within each class was determined. The same approach was used to detect the pattern of urban sprawl relevant to the seashore. Five hundred meter-wide zones of ascending distance to shore were established, and the degree of sprawl of urban and mixed areas within each was recorded.
In order to assess the key factors affecting the evolution of Marathon's landscape, as well as to assess the causes of land cover changes, socio-economic data from the Hellenic Statistical Authority (EL.STAT.) was collected [19] in order to assist in explaining how human intervention affected these changes and vice versa. The data concerns the components of the change within in the total population and the economically-active population employed in the primary production sector for the years 1940, 1951, 1961, 1971, 1981, 1991 and 2001 . The methodology of this work is briefly depicted in Figure 2. 
Results
In the study area, objects were identified, delineated and grouped, according to the common characteristics of the photo-interpretation of the orthophotos, in eight land cover classes (Table 4 ). An additional category was created for the years 1991 and 2007, which is the abandoned fields class. Thus, for both these years, nine land cover classes were identified. The extent and amount of change in the area covered by these classes is shown in Table 4 . The data on the evolution of land cover classes show that major changes (Table 4 and Table 5 ) occurred in areas initially covered by forests, which were reduced by more than 47% and wetlands that witnessed a 37% reduction (the mechanism that gave rise to the mathematically non-monotonous trajectory of the area of this class is outlined in the coming paragraphs). The cultivated areas have also been reduced by more than 10%, while the shrublands by 5.8%. In contrast, the areas occupied by settlements and phrygana increased by 37.5% and 12%, respectively. In the case of phrygana, the change is mathematically non-monotonous. This is due to the fact that in any given point in time, the area covered by this class is the outcome of two contrasting processes: retrogressive succession due to disturbances and secondary succession after (and if) these have ceased. The results obtained show that the long-term balance in this area is in favor of the retrogressive succession. The rapid growth of the other areas class has occurred mainly due to the establishment of the Naval Air Force Base in Kotroni (as a military area) and the Olympic Rowing Center at Schinias (as a sports facility). In sum, one can identify an increase in residential use within the landscape of Marathon and an increase in phrygana within the study area, suggesting a widespread degradation of the vegetation. Figure 3 depicts the spatial arrangement of these patterns. It shows that in 1945, the main part of the study area was covered by shrublands, followed by cultivated fields, forests and wetlands. However, in 1991, a visible transformation of the landscape into a mixed residential area took place along the shoreline, as well as in the Avra and Kato Souli villages. Furthermore, the area occupied by the settlement of Marathon increased. The reduced area covered by wetlands in the same year is mainly due to two factors: the first one was that a United States Coastal Military Station for Communications was built within the wetland of Schinias, which is included in the class of the other uses, and the second factor is the drainage of the Brexiza marsh, which was situated in the southwest outskirts of the Municipality of Marathon, in the foothills of Mount Agriliki, at the border with Nea Makri. Figure 3 . Evolution of land cover (1945, 1991, 2007) .
In 2007, most of the coastline of Marathon and the area east of Schinias were transformed into mixed residential areas. The Rowing Center in Schinias is included in the class of the other uses, too. The part of the wetland that was occupied by the U.S. Coastal Military Station for Communications, which ceased to operate in the meantime, is now included within the wetland of Schinias. Table 4 depicts the land cover changes in each class that were derived from the land cover maps for the years 1945, 1991 and 2007 (Figure 3) .
The data derived from the "decisions" of the Forest Service, in the event of a fire or clearing, are mapped in Figure 4 . A total of 59 decisions were issued for the fires that occurred in the years 1987 and 1993. The largest burnt areas appeared following incidences that took place in 1982, 1995 and 1998. Interannual variation in burned areas is due to both physical factors, namely weather [37] , as well as cycles of socio-economic activities [38] . Figure 4 . The burned areas (black color) are declared as forested areas. Figure 5 shows the parts of the landscape in which land cover changes occurred (~30% of the total area) and the parts without land cover changes (~70% of the total area).
With respect to the spatial arrangement of retrogressive vegetation succession in land forested in 1945, no clear pattern was revealed ( Figure 6 ). It should be noted that the maximum distance observed was around 750 m, due to the fragmented pattern of the forest stands from the very beginning of the study period. The spatial arrangement of the residential development with respect to the coast is quantified in Figure 7 . It shows a bimodal pattern with the overall highest value directly by the coast and a second peak at 2.5-3 km towards the inland. 
Discussion
The study area is a fairly typical example of the land cover changes along the coastal zone of Greece during the last 60 years. The key features of this change include the urban sprawl and the uncontrolled urbanization. The construction of the Marathon dam and the projects that were developed in the Schinias region for the 2004 Olympic Games in Athens are less typical and related to the proximity to a metropolitan area.
The spatiotemporal monitoring of land cover changes in the municipality of Marathon shows a reduction of the areas covered by semi-natural and agricultural land cover types (forests, wetlands, shrublands and cultivated fields) and the increase of urban and mixed areas. The strong residential pressure observed in Attica has also an impact in the study area. The conversions of the fertile plain along the coastline, along with parts of the Schinias wetland and the Dragonera Hill, into a mixed area exemplifies this finding.
The increase of areas covered by phrygana points to a retrogressive succession of the vegetation, caused mainly by human interventions and the numerous forest fires [39, 40] . Natural and anthropogenic processes can are known to cause severe land degradation [41] . Southern Europe has been recognized as a hotspot for land degradation due to climate change, awry economic development, population growth and land transformation [42, 43] . The degradation of the natural environment is expected to have a direct impact on the reduction of natural habitats and on the loss of biodiversity in the study area.
The Marathon area, along with many others in Greece, has followed the common postwar model trajectory of economic growth that has failed to lead to the development of a comprehensive long-term development strategy. The consequence of this was the prevalence of short-term growth, which, in turn, undermined the social and sustainable management of these areas [44] . Currently, the study area is characterized by a population increase (especially during the summer period) due to the fact that it is a coastal region, very close to the Athens metropolitan area. This is paralleled by a reduction of the relative significance of the agricultural sector, although the latter looks quite stable in absolute terms. However, it cannot compete with urbanization in the quest for land, as the transformation of fertile low lying alluvial areas into residential ones shows.
A major driver for the land cover transformation was the pressure exerted on the area as a consequence of the Olympic Games in Athens in 2004. This pressure has recently surfaced with the urban development study together with the other areas that hosted the Olympic Games [45, 46] . For instance, it was argued that the construction of the Olympic Rowing and Canoeing Center was supposed to restore or even enhance processes related to the wetland characteristic of the site and the environmental functions of the area (e.g., provide habitat for hygrophilous species, restore the water balance in the wider wetland complex), while the development of Schinias was supposed to upgrade the whole area. Many of the Olympic facilities were to promote the conservation and the protection of the environment. However, after the Olympic Games ended, many of the Olympic facilities were deserted, resulting in the further deterioration of their respective regions.
The general frame outlined thus far allows a validation of our initial hypotheses. Transitions leading to the development of mixed residential areas took place primarily on former agricultural land over alluvial deposits in low lying plain areas. The residential development is primarily driven by the proximity to the coast, especially in areas with access to sandy beaches. However, in our case, this hypothesis could only partly be confirmed. While the first peak of the residential development occurred directly by the coast, a second one deviated from the expected pattern. Local politics and economics favored the development at the Kato Souli area during the 1970s, leading to a deviation from the broad pattern that is generally accepted as valid at higher spatial scales.
The second hypothesis seems to be consistent with the data. Loss of forest to shrublands and phrygana occurred primarily in sloping land over limestone or marble. Retrogressive vegetation succession is driven by, and depends on, a large number of factors, namely intensity, extend and recurrence intervals of forest fires, site recovery potential, grazing pressure, forest management, implementation of protective legislation, etc. The complex combinations of these factors along with the fragmented spatial pattern of forest stands made the spatial manifestations of the retrogression probability pretty unpredictable. Contrary to the legitimate expectation that the forest edge would be most affected, this type of conversion was widespread throughout the initial area covered by forests.
Conclusions
In this study, the land cover changes that occurred within the last 60 years in the area of Marathon, Attica, Greece, were reconstructed. Historical data from various sources, such as forest agency archives, cadastral maps, as well as other documentation, were integrated, together with remote sensory data and other spatial databases. The coastal area of Marathon has developed into a semi-urban area with rural features. Although the cultivated land is still the dominant type of land cover in the study area, covering 26.32 km 2 (~30% of the total area), this land cover class decreased in extent by 10% throughout the study period. The main reasons for this are the abandonment of the cultivated land areas in steep slopes, but mostly the extension of the residential areas. The area covered by natural vegetation, such as forests, shrublands and wetlands, has also decreased by 47%, 6% and 37%, respectively, while transitions occurred also among vegetation types. Nowadays, these areas only cover half of the study area. The urban areas together with the mixed areas exhibited the opposite trend, namely an increase to 10.25 km 2 . This transition occurred mainly within the coastal zone.
Lastly, the identification of the main trajectories of land cover changes showed that the forest areas, as well as the coastal zone are the most liable to undergo a land cover change. While the former transition is largely unpredictable spatially, the latter occurs mostly by the coast. A departure from the expected pattern was observed, though, showing that the power and economics configurations at low spatial levels can give rise to locally-specific patterns. The cultivated lands remained more or less stable in the low elevation alluvium fields, despite significant losses at the coastal zone. The conservation of these areas and their agricultural use is crucial for the preservation of the rural character of the area in the future.
